Slow onset processes were investigated in five pilot areas in Southeast Asia, i.e., Kampong Speu Province (Cambodia), Selangor State (Malaysia), Thatdama Kyun Village (Myanmar), Kanan Watershed (Philippines), and Quang Ngai Province (Vietnam). Pilot areas with low-lying coasts are exposed to floods, saline intrusion and sea-level rise while some are also affected by storms and typhoons. Floodplains are exposed to floods and river bank erosion while highlands are affected by flash floods, mudslides, landslides and forest degradation. Dry conditions and high temperatures are not confined to a specific geomorphological setting. The assessment of L+D is a challenge as many impacts are not directly attributed to anthropogenic climate change. However, where science has clearly linked global warming and sea-level rise to anthropogenic causes, and human influence in a particular area is minimal, L+D assessments are relevant to policy platforms such as the United Nations Framework Convention on Climate Change (UNFCCC). The land use planning system is a potential entry point for integrating DRR, CCA and L+D. ABStrACt KeywordS doI dAteS HIGHLIGHTS » Characteristics and issues on slow onset processes are context and area specific. » Site features, capacity, resources and technology influence limits to adaptation.
climate impacts, particularly for Southeast Asia. It is also relevant to the Katowice Climate Package adopted in COP 24 in December 2018 (the Rule Book for the Paris Agreement), which gives prominence to L+D in the upcoming global stock take.
Risk can be perceived as resulting from the interaction of climate hazards with vulnerability and exposure determined by socio-economic factors (IPCC, 2014) .
This understanding of risk facilitates the notion that the impacts of climate variability and change can be prevented; as they occur only in the intersection of hazard, vulnerability and exposure. The concept is important as it encourages focus on vulnerable groups and serves to drive adaptation efforts, particularly within national processes (van Aalst et al., 2018) . It also promotes understanding that vulnerability and exposure cannot be totally removed, hence enabling the discourse on residual risks. However, there are limitations associated with this risk framework. The dynamic nature of risk, particularly the way it changes over time is not captured well. Furthermore, aspects related to capacity and underlying reasons for the inability of vulnerable groups to reduce climate-related risks or cope with impacts is not recognized.
The research project on "Integrating Climate Change
Adaptation, Disaster Risk Reduction and Loss and
Damage to Address Emerging Challenges due to Slow Onset Processes" brought together distinct groups of biophysical and socio-economic scientists. Key objectives included identification of characteristics, priorities and emerging issues related to slow onset processes in low-lying coastal areas, floodplains and highlands that impact the livelihood and well-being of the communities therein and assessment of the limits to adaptation based on "best available science", as well as approaches that integrate climate change adaptation (CCA) and disaster risk reduction (DRR). Other objectives include the development of methodologies to evaluate L+D associated with adverse and cascading impacts of climate change drawing on lessons from disaster risk management, and discerning natural and anthropogenic causes of climate change. Ultimately, policy and planning strategies are recommended to integrate CCA, DRR and L+D in development plans in line with existing governance systems (APN, 2019) .
In order to fulfill the project objectives, local level pilots were conducted in five countries in Southeast Asia (Cambodia, Malaysia, Myanmar, Philippines and Viet Nam) by teams of researchers from multidisciplinary backgrounds, working closely with their respective policy and decision-makers and local communities.
Researchers from Japan were also involved to facilitate transfer of knowledge and build capacity. Given the broad objectives of the project, this paper briefly describes the various slow onset processes and their features, which have been identified in each of the pilot areas. The challenge of managing hazards associated with these processes within each pilot is also highlighted. This is followed by a discussion on the limitation of the approach used in this project for loss and damage assessments, with respect to its relevance to ongoing discussions in policy platforms, specifically the United Nations Framework Convention on Climate Change (UNFCCC).
Methodology
Local level pilots were implemented in five countries, i.e., Kampong Speu Province (Cambodia), Selangor State (Malaysia), Thatdama Kyun Village (Myanmar), Kanan Watershed (Philippines) and Quang Ngai Province (Viet Nam). The assessment was conducted using the best available science from atmospheric, geological, chemical and social sciences, among others. Participatory appraisals were used to identify and rank local level hazards and processes. Questionnaire surveys and interviews were also carried out to supplement information related to L+D. Dialogues between researchers and policymakers of multi-disciplinary backgrounds were conducted on a periodic basis, to delineate effective options to integrate DRR and CCA in development plans. The risk framing approach was confined to specific geographic settings in this project. The spatial context was taken into account when demarcating zones with existing and future susceptibility to hazards, which was useful to delineate exposed elements and vulnerable communities. This area-based risk framing was used to investigate a range of fast and slow onset hazards in each pilot. This enabled risk to be perceived as a continuum, where DRR measures target short-term risks and CCA addresses long-term threats. This is also in line with the key message of IPCC (2014), which states that "the first step towards adaptation to future climate change is reducing vulnerability and exposure to present climate variability and associated extremes".
reSultS ANd dISCuSSIoN
Among the projected impacts for Southeast Asia under global warming of 1.5°C include increases in the number of extreme hot days and heavy rains, which contribute to higher risks of floods, flash-floods and landslides as well as net reductions in yields and nutritional value of rice (IPCC, 2018) . In addition, an increase is expected in populations that are both exposed and susceptible to poverty, particularly those dependent on agriculture and coastal livelihood. As the sea level rises, low-lying coasts in Southeast Asia are expected to be affected, bringing new issues on environment and socio-economic aspects to the region, including those related to migration and security. Decision-makers have to be made aware of impending threats albeit with appropriate information on uncertainty (Doyle, Johnston, Smith, & Paton, 2019) .
Slow onset Processes in the Pilot Areas
The Kampong Speu Province in Cambodia is located primarily within the catchment of the Prek Thnot River, with forests in the eastern highlands and agriculture in the western lowlands. Hazards common in the area are floods, drought and heatwaves. The slow onset characteristics of drought makes it difficult to detect as an emerging threat (Chhinh & Millington, 2015) . Drought requires effective water management within the affected community, who would be the first to experience the hazard. The response of the authorities at the national and local levels to drought has been relatively slow compared to the actions taken to address floods. This indicates that it is important to build the capacity of the local community so that they can respond effectively while waiting for external support (Figure 1 ). Rainfall monitoring and forecasting, as well as effective irrigation systems, are major challenges for this agrarian community (Chhinh, 2014) . This is compounded by disconnects between planning at the national and local levels, weak institutional arrangements and capacity, as well as poor engagement of all stakeholders, particularly the local community.
The Selangor State in Malaysia comprises a western coastal region that gets progressively more rugged to the east, where the highlands straddle part of the Titiwangsa Range. Kuala Selangor, the area that was studied in detail, is located in the coastal lowlands and is exposed to hazards such as coastal inundation, floods and saline intrusion due to sea-level rise (Umi, Yaakub, Suratman, & Pereira, 2016) . Agriculture areas in Kuala
Selangor are susceptible to impacts of coastal inundation and saline intrusion, giving rise to future implications on food security as this is an important rice-production area (Figure 2 ). Saline intrusion is expected to affect sub-surface aquifers. Groundwater is affected in Figure 1 . The drought risk management framework proposed for Cambodia mainstreams the involvement of exposed communities (Chhinh et al., 2019) . were used in conjunction with subsurface information from boreholes (colour coded circles) to determine the current quality of groundwater and its projected impacts (Umi et al., 2018) .
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terms of both quality and quantity of reducing reserves for industrial, agricultural and domestic use (Umi, Lim, & Pereira, 2018 ). An emerging hazard that has been detected in the Selangor State is the cascading effects of landfills and open dumps that are exposed to floods and landslides (Yahaya, Lim, Taha, & Pereira, 2016) . The rapid expansion of urban areas has brought residential zones closer to landfills and abandoned open dumps.
Future disaster events may expose such population and make them vulnerable to emerging hazards. Preliminary
assessment conducted on landfills and open dumps in
Selangor reveals that six out of 20 landfill sites in the state are highly exposed to the 100-year flood, while two sites are exposed to slope failure (including mass waste movement). The exposed sites are currently without health issues of concern. While households receive weather-related information such as river level, wind speed and flood warnings from television and radio, the lack of electricity is a barrier to receive timely information on disasters. The lack of awareness has made it difficult for villagers to deal with the changes in climate and increased frequency of disasters. This is compounded by inherent vulnerability due to poor nutrition, health services and access to education. Enhanced capacity and technical information, as well as strengthened institutional frameworks, are critical to enable these villagers to manage the impacts of climate change (MoNRE, 2017).
The Kanan Watershed in the Philippines is a forestland drained by the Agos River with some 35 tributaries, stretching from the Sierra Madre Mountain to the Pacific Ocean. The area is exposed to flash floods, mudslides and landslides exacerbated by strong typhoons (Gaillard, Liamzon & Villanueva, 2007) . Flood waters that contaminate the local supply of drinking water resulting in (Huynh, 2015) .
The management of drought is challenging and requires improvements in early warning and irrigation systems. The Ly Son Island is particularly sensitive to disasters and is most vulnerable to climate change (MoNRE, 2012) .
A vulnerability index developed at the national level based on parameters such as exposures, sensitivity and adaptive capacity was used to rank each district in Quang Ngai Province. This is to enable comparison between districts so that appropriate measures can be identified to build resilience to disasters and climate change. The priority for Quang Ngai Province is to increase resilience of the natural environment (Huynh, 2015) . Loss and damage due to natural disasters is high in the Province.
Challenges for loss and damage Assessment
There are many approaches to assess L+D. These include accounting for economic and non-economic losses, and use of social media and crowdsourcing as well as and pre-defined economic costs to reduce assessment time during a disaster (Eckhardt, Leiras, & Thome, 2019) . However, the assessment of L+D for slow-onset hazards remains a challenge. When deployed at the local level, the area-based risk framing approach does not differentiate impacts caused by natural or human induced climate change. In the UNFCCC platform, climate change is defined as change attributed to anthropogenic causes. This makes L+D evaluation challenging in the pilot areas, where there is a paucity of data linking impacts to human-induced climate change.
However, science has clearly linked global warming and sea-level rise to anthropogenic causes (IPCC (2014) 
CoNCluSIoN
The characteristics, priorities and emerging issues related to slow onset processes are context specific and area dependent. The local level pilot areas are exposed to multiple climate driven fast and slow onset hazards such as flood, landsides, drought, saline intrusion and forest degradation. Pilot areas with low-lying coastal areas are exposed to floods, saline intrusion and sea-level rise while some are also affected by storms and typhoons.
Pilot areas in the floodplains are exposed to hazards The short term requires DRR while the long term calls for CCA, when it is within natural limits. In Myanmar, the island setting of the Thatdama Kyun Village at the confluence of two rivers made it prone to flooding and river bank erosion. The loss of agriculture land, livelihood opportunity, health and other social issues have caused great hardship to the villagers and some have migrated away from the area. In Kuala Selangor, Malaysia, areas in the agriculture-rich lowlands will be exposed to slow onset coastal inundation, and saline intrusion is expected to affect sub-surface aquifers, giving rise to future food security issues. Some areas may have to be abandoned in the future, and it is important that the community is informed of this hazard and that resources are allocated for long term adaptation efforts. Increasing temperatures and heatwaves are already reported in the Kampong Speu Province (Cambodia), Thatdama Kyun Village (Myanmar) and Quang Ngai Province (Viet Nam).
This hazard contributes to forest fires and impacts human health, and the situation is expected to worsen in Southeast Asia as global warming increases to 1.5°C.
The Governments of the region need to make comprehensive, coordinated efforts via ASEAN, the UNFCCC and other platforms to limit global warming below 1.5°C.
Resources should also be deployed in the region to adapt to a 1.5°C world.
The issue of detection and attribution to climate change is a major challenge in the assessment of L+D for both fast and slow-onset hazards. The area-based risk framing approach used in this study assumes that all impacts are linked to anthropogenic climate change, which is not necessarily the case. There is limited evidence that any one single fast onset event is due to anthropogenic climate change. This makes L+D assessments of such events a challenge, to be relevant to the UNFCCC platform. In the case of heatwaves and sea-level rise, where minimal human contribution is observed at the local level and direct links are proven in global conditions, L+D assessments could provide significant contribution to the discourse at the UNFCCC platform.
More scientific work is required from multi-disciplinary teams to develop a robust L+D methodology that incorporates detection and attribution to climate change, which is appropriate to the UNFCCC platform. A critical review of all research projects supported by APN and their ensuing publications, to delineate information on detection and attribution to climate change, would serve as an excellent foundation to advance L+D assessment in the region.
Policy and planning strategies that integrate CCA, DRR and L+D are easier to deploy for specific local areas compared to a country-wide basis. The integration is also easier in small areas compared to large tracts of land, with a higher number of interacting hazards. The risk framing approach used in this study, which links DRR and CCA, can be expanded for a specific local area to include L+D.
Historical L+D information is useful to provide insights for developing prospective L+D scenarios, both for DRR (near term) and CCA (long term). On a conceptual level, the three elements of DRR, CCA and L+D can be incor- 
